In this paper, we extend the results of multi-valued solutions of elliptic Monge-Ampère equation to parabolic Monge-Ampère equation. We use the Perron method to prove the existence of multi-valued solutions with asymptotic behavior at infinity of parabolic Monge-Ampère equation. Moreover, we prove that the multi-valued solution is continuous in the whole space. MSC: 35K96; 35B40
Introduction
We consider the multi-valued solutions of the parabolic Monge-Ampère equation
where u = u(x, t) is convex in x and nonincreasing in t, x ∈ R n , t ∈ R, and D  u = D [] proved the existence of viscosity solutions by the approximation procedure and the nonlinear perturbation method, and they also obtained the regularity of the viscosity solutions.
From the theory of analytic functions, we know that the typical two dimensional examples of multi-valued harmonic functions are
where C is the plural set.
There 
The geometric situation of the multi-valued solutions to the elliptic equations can be found in [] . The geometric situation of the multi-valued solutions to the parabolic equations is the following. Let n ≥ ,
convex domain with smooth boundary ∂ . Suppose is homeomorphic in R n to an n dimensional closed disc, i.e., there exists a homeomorphism ψ :
. We use the convention that going through t  from Q -to Q + denote the positive direction. Let = ∂ × {t  }, Z be the set of integers, and For k ∈ Z, k ≥ , we introduce an equivalence relation '∼ k ' in G as follows: (x, t, m) and (x,t, j) in G are '∼ k ' equivalent if x =x, t =t and m -j is an integer multiple of k. Let
) is a smooth curve in G k that connects the points (x, t, m) and (x,t, j), and let |l((x, t, m), (x,t, j))| denote the length of the curve. Define
where the inf is taken over all smooth curves connecting (x, t, m) and (x,t, j).
m).
Similarly we say a function
x and nonincreasing in t.
Our purpose of this paper is to study the existence of multi-valued viscosity solutions with asymptotic behavior of the parabolic Monge-Ampère equation (.). We shall extend the results of the elliptic equations to the parabolic equation (.). The main result of this paper is the existence theorem of multi-valued solutions with prescribed asymptotic behavior at infinity. 
This paper is arranged as follows. In Section , we give some lemmas and in Section , we shall prove Theorem ..
Preliminaries
For the reader's convenience, we first give the definition of the viscosity solutions to the parabolic Monge-Ampère equation 
we have
is both a viscosity subsolution and a viscosity supersolution of (.). Lemma . Let ⊂⊂ R n be a bounded strictly convex domain,
Then w ∈ C  (R n+ T ) and it satisfies in the viscosity sense
Remark . Ift = , then we only need u = v on SD in condition (.).
Lemma . Let ⊂ R n be a bounded, strictly convex domain, ∂ ∈ C
and for x ∈ , w t (x, t) = -. Then there exists some constant C, depending only on n, w, Q , such that, for any η ∈ ∂ ,  ≤ λ ≤ T, there exists x(η, λ) ∈ R n satisfying
Lemma . Suppose that f ∈ C  (Q) is nonnegative. Let S be a nonempty family of a subsolution of
then u is a viscosity subsolution of (.).
Existence of multi-valued solutions with asymptotic behavior
In this section, we will prove Theorem ..
Proof We divide the proof into five steps.
Step . We construct a viscosity subsolution of (.). Let
where
Then for any η ∈ ∂ ,  ≤ λ ≤ T,
Then p satisfies
and in the viscosity sense,
. According to (.) and Remark ., W is parabolically convex and satisfies in the viscosity sense
In virtue of the fact that for any constants a and b, the eigenvalues of the symmetric matrix of the form ax T x + bI are
where R = |x|. So v a is parabolically convex and satisfies
Moreover, from the definition of R  ,
It is easy to see that
As a result,
From (.), we have
By the definition of W and (.), (.), (.),
Because μ(m, a) is continuous and monotonic increasing in a and for a → ∞, μ(m, a) → ∞,  ≤ m ≤ k, we can choose a  ≥ a  sufficiently large such that for a ≥ a  ,
Clearly,
is parabolically convex and satisfies in the viscosity sense
It is clear that there exists a continuous function a 
Thus there exists
Then for a ≥ a  , u a ∈ C  (G k ) is locally parabolically convex and satisfies
Step . We define the Perron solution of (.).
For a ≥ a  , let S a denote the set of locally parabolically convex functions v ∈ C  (G k ) which can be extended to and satisfy
Apparently, u a ∈ S a and so S a = ∅. Define
Step . We prove that u a is a viscosity solution of (.). By the definition of u a and Lemma ., u a is a viscosity subsolution of (.). We only need to prove that u a is a viscosity supersolution of (.). For any (x,t) ∈ R n+ T \ , fix some r >  such that  <t -r <t <t + r ≤ T and Q r = B r (x) × (t -r,t + r] ⊂ Q\ . Then the lifting of Q r into G k is the union of k disjoint cylinders denoted as {Q Let v ∈ S a , (x, t  ) ∈ , and (x, t) ∈ N (x, t  ), N (x, t  ) be the neighborhood of (x, t  ). Suppose (x i , t) ∈ N (x, t  ) and x i →x, then by the convexity of v in x, we have, for some constant 
